Background: Focal myositis is a rare benign inflammatory pseudotumor, presenting as a painful nodular mass within a muscle, and characterized by spontaneous resolution within weeks. Purpose: To assess the clinical and imaging findings of focal nodular myositis simulating a neoplasm at clinical examination, with no history of trauma. Material and Methods: This study describes the locations and appearance at ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI) of this condition in a series of five patients. Results: MRI and US displayed a solid intramuscular ''tumor'' and suggested a continuum between the proximal and distal muscle fibers that appeared thickened within the nodular lesion, a sign that has been reported in myositis ossificans. MRI showed edema in adjacent muscles and soft tissues, as well as intense enhancement of the mass. Intense vascular flows were seen at Doppler analysis. CT did not reveal the appearance of peripheral ossifications, ruling out the diagnosis of myositis ossificans. In some patients, the diagnosis of sarcoma had been suggested as possible by the radiologist. Imaging follow-up with MRI showed complete resolution of the masses over several weeks, thus avoiding a biopsy; no recurrence was observed at long-term follow-up (more than 24 months). Conclusion: This paper highlights MRI and US findings in focal non-ossifying myositis, and emphasizes the role of MRI in suggesting this diagnosis, leading to the careful follow-up of the lesion until its resolution, and ruling out more aggressive lesions.
Introduction
Focal myositis is an inflammatory pseudotumor of the skeletal muscle, first recognized as a distinct clinicopathological entity in 1977 by Heffner et al. (1) . It is one of a variety of inflammatory conditions that may affect muscles, including myositis ossificans, proliferative myositis, nodular myositis, and diabetic myonecrosis. These conditions can be differentiated histologically, but have similar clinical and imaging patterns (2) .
The usual clinical presentation of focal myositis is a recent, rapidly enlarging, painful mass within a muscle, often suggestive of a neoplasm at clinical examination (1, 3, 4) . The clinical course of focal myositis is spontaneous regression within 2-8 weeks, without sequelae or recurrence (1, 5) . The correct diagnosis is sometimes suggested on the basis of imaging findings, but often requires biopsy, although careful follow-up may be suggested (3, 6) . The lesion mainly affects the lower limbs, especially the thighs, without age or sex distinction (1, 4) . Its etiology remains unclear. There is usually no association with trauma, systemic disorders, or family history.
We report imaging findings in a series of five patients with focal myositis simulating a sarcoma at clinical examination. The lesions were first considered as potentially aggressive tumors at ultrasonography (US) and magnetic resonance imaging (MRI), but finally completely resolved at imaging follow-up. The purpose of this paper is to highlight the imaging characteristics of focal non-ossifying myositis, which will suggest the diagnosis, and the role of MRI as a non-invasive tool for the careful follow-up of the lesion until its complete resolution, ruling out more aggressive tumors.
Material and Methods
Over a 5-year period, we collected five cases of patients with a clinical history of recent painful swelling of the thigh, the shoulder or the forearm. Clinical and firstline imaging observations indicated potential soft tissue malignancies. The subsequent MRI work-up and follow-up were performed in the same institution.
Patient characteristics, US, computed tomography (CT), and MRI examinations at baseline and MRI during follow-up were carefully recorded for all patients. X-ray was performed in one patient before CT and bone scan was performed in two patients at baseline. A second CT during follow-up was performed in one patient.
Results
The clinical history, the characteristic imaging findings, and the evolution of this entity are summarized in Table 1 . Patient 1 had a history of Hodgkin disease in remission for 30 years. The other four patients had no medical or traumatic history.
All patients underwent ultrasound as an initial examination. US revealed a nodular heterogeneous lesion frequently showing thickened muscle fibers separated by thin hypoechoic bands and intense vascular flows at Doppler analysis.
MRI showed an intramuscular mass with the same signal intensity as the muscle on T1-weighted (T1W) images, and intermediate to high signal intensity on T2-weighted (T2W) images. Surrounding edema was present within the adjacent muscle in four cases. Intravenous administration of contrast material revealed almost homogeneous enhancement of the mass.
Interestingly, US and MR images demonstrated continuous thickened muscle fibers running through the lesion without interruption. These imaging features suggested the possible diagnosis of myositis ossificans, but plain films and CT only showed a soft tissue mass, without any calcification or ossification in patients 2 to 5. CT scan in patient 1 revealed very subtle calcifications at the surface of the lesion, but with complete resolution at 6-week followup. A bone scan was performed in two patients and revealed no tracer uptake in the soft tissues, which is atypical for myositis ossificans.
At last and above all, the lesions completely disappeared at MRI after several weeks, ruling out an aggressive lesion. No recurrence was detected in any patient.
Figs 1-5 illustrate the most characteristic imaging findings.
Discussion
Focal myositis was first described in 1977 by Heffner who reported the clinical and pathological findings in a series of 16 cases, years before the availability of US and MRI for the investigation of soft tissue masses (1). Subsequently, several reports of the clinical, imaging and pathological appearances of focal myositis have been published, but little information is available in the literature on the typical US and MRI features and natural history of this entity (2) (3) (4) (7) (8) (9) .
Focal myositis has been reported in patients aged in the range of 10-67 years (1, 5, 10) . Our population was in the age range of 40-58 years (mean age, 48 years). It affects men and women equally, as almost found in our series (3 men, 2 women). All patients presented a recent history of localized painful intramuscular swelling, except for patient 1 who had no pain. At clinical examination, a focal induration and tenderness at palpation were consistent, without overlying skin changes. The predominant involvement of the lower extremity in our study (60% in the thigh) is in agreement with previous series (1,2,4). Other locations found in the literature include the upper extremity, the neck (7,11), pectoral region (12), abdomen (13) , hand (14) , eyelids (15) , and paraspinal muscles (16, 17) . No etiological factor, such as trauma or systemic disease (e.g. inflammatory disease or lymphoma) was recognized in our patients, except for one patient who had history of Hodgkin's lymphoma. The clinical evolution reported in the literature is spontaneous resolution within 2-8 weeks without recurrence (1, 5) . In our patients, the delay before complete resolution at MRI follow-up was within the same range (7 weeks on average).
The differential diagnosis of a mass involving a skeletal muscle should include sarcoma, myositis ossificans, muscle strains, and inflammatory or infectious conditions (18) . Our patients had no history of trauma and their lesions were not located in the musculotendinous junction. There were no signs of scar tissue in the follow-up. Muscle strains could present a mass-like pattern usually when there is a hematoma in case of severe injuries, which was not the case with our patients. Proliferative myositis and lymphoma were less suggestive as these entities usually involve the muscle in a diffuse pattern and not a nodular one. Diabetic myonecrosis was excluded, as none of the patients had diabetes or muscle necrosis by MRI. Deep venous thrombosis was also excluded, as the lesions were not located near a neurovascular bundle and did not have a tubular structure.
Focal non-ossifying myositis and myositis ossificans show an intra-muscular location. Abscesses could occur in a cutaneous, subcutaneous or intra-muscular location. Nodular fasciitis has a similar clinical presentation but its location is mainly subcutaneous and fascial, whereas intramuscular locations are more exceptional (19) . Beside these topographic considerations, our paper highlights some imaging features that may be suggestive of the diagnosis of focal non-ossifying myositis. As main imaging feature, focal myositis appears as a small nodular lesion located within a muscle. Of major interest, we observed that muscle fibers located at the proximal and distal aspects of the mass seemed to be continuous through the lesion. These thickened, fasciculated fibers provided a ''bundle'' appearance when imaged in their longitudinal axis, and a ''mosaic'' pattern in the transverse plane. Thus, the architecture of the muscle was preserved, and the fascias were respected. This continuum of fibers through the lesion without significant alteration of the muscle architecture has been noted in myositis ossificans (2, 20) . This feature of focal myositis most likely reflects underlying pathological changes consisting in muscle fibers hypertrophy, inflammatory cells infiltration, sometimes surrounded by necrosis and fiber regeneration (1, 21) .
At US, the lesion may present a heterogeneous and aggressive appearance, especially at Doppler analysis, with rapid vascular flows suggestive of malignancy (2, 22) . Again, the recognition of some ''thickened'' muscle fibers running through the lesion, presenting as tubular structures in the longitudinal axis, rounded sections in the transverse plane, and separated by hypoechoic septations should be regarded as suggestive of this diagnosis.
MRI studies also revealed consistent enhancement of the mass and extensive edema in the surrounding muscle fibers, sometimes involving the adjacent subcutaneous soft tissues. Surrounding edema can occur in sarcomas but from our experience, extensive perilesional edema is more suggestive of other conditions such as infection or myositis. Another interesting feature was the homogeneous internal enhancement of the lesions after intravenous administration of contrast material, instead of peripheral rim-like enhancement (pseudo-capsule). A pseudo-capsule is a sign frequently observed in soft tissue sarcomas, likely related to the centrifugal growth of the tumor and compression of adjacent structures (23) .
Radiographs and CT ruled out the appearance of heterotopic calcifications or ossifications, and the bone scan revealed no tracer uptake. These features distinguish focal non-ossifying myositis from myositis ossificans, which is characterized by the appearance of peripheral faint irregular calcification 2-6 weeks after onset of symptoms. A sharply circumscribed mass is usually apparent by 6-8 weeks, becoming smaller and mature by 5-6 months (2,23). Myositis ossificans was ruled out in our cases without biopsy, because of spontaneous complete resolution in 6-8 weeks (earlier than the typical history and resolution of myositis ossificans) and absence of calcification/ossification, a constant typical finding in this entity. The transient observation of subtle calcification at the surface of the lesion in one of our patients remains difficult to explain. Indeed, the multi-modality imaging follow-up showed that no ossification appeared in this lesion. Absence of calcifications could partially rule out some rare calcifying soft tissue sarcomas, such as synovial sarcomas, which are however rare disorders and present with calcifications in only 30% (24) .
In this series, because the primary suggested diagnosis of myositis ossificans raised the need for additional imaging, i.e. CT or bone scan, and/or because the patients were referred for second-line opinion or biopsy, we had the opportunity to perform follow-up MRI studies and to observe the spontaneous resolution of the lesions, obviating the need for biopsies.
In conclusion, the strict intra-muscular location, the ''continuum'' of muscle fibers within the mass, and presence of surrounding edema were consistent MRI features in our patients with spontaneously resolutive focal non-ossifying myositis. Facing an intramuscular lesion suggestive of this diagnosis, short-term clinical and MRI follow-up is mandatory to re-evaluate the lesion after several weeks. In case of focal non-ossifying myositis, the mass should have significantly decreased or disappeared. Stability or increase in size should be regarded as suggestive of malignancies and should prompt biopsies.
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